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(54) Compression self-ignition gasoline internal combustion engine 

(57) In a compression self-ignition gasoline internal 

combustion engine, a fuel injector through which a FIG-1 A 

gasoline fuel is injected uninterruptedly within a com- 
bustion chamber of an engine cylinder is provided, a 
mixture of air and gasoline fuel within the combustion 
chamber is self-ignited through a compression action of 
a piston, an intake valve an open timing of the intake 
valve is set to a mid-way point through a suction stroke 
of the piston, a closure timing of an exhaust valve is set 
to a mid-way point through an exhaust stroke thereof, 
and gasoline fuel injection timing and quantity per com- 
bustion cycle injected through the fuel injector is control- 
led in such a manner that a first gasoline fuel injection is 
set during a minus valve overlap time interval during 
which both of exhaust and intake valves are closed and 
a second gasoline fuel injection is set during at least 
one of the suction stroke and the subsequent compres- 
sion stroke. 
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Description 

BACKGROUND OF THE INVENTION: 

Field of th invention: 

[0001] The present invention relates to a direct- 
injection compression self-ignition gasoline internal 
combustion engine having a fuel injector through which 
fuel is uninterruptedly (directly) injected into a combus- 
tion chamber of an engine cylinder and a piston whose 
compression action causes an air-mixture gasoline fuel 
within the combustion to be ignited by itself (self-igni- 
tion). 

Description of the related art: 

[0002] Since, in a generally available gasoline inter- 
nal combustion engine, when the air-mixture fuel is 
leaned to save a fuel consumption, a combustion due to 
a spark ignition through a spark plug and a flame prop- 
agation tends to become unstable, there is naturally a 
limit in the leaning of the air-mixture fuel. In addition, 
during a lean-burn combustion, a catalytic converter to 
purify an exhaust gas cannot exhibit its purification, par- 
ticularly, a reduction action of NOx as high as the com- 
bustion which indicates a state of combustion in a 
combustion chamber at a time of a stoichiometric air- 
fuel mixture ratio. 

[0003] To solve the above-described problem, a 
compression self-ignition gasoline internal combustion 
engine with a high compression ratio has been pro- 
posed which performs a self-ignition combustion 
caused by a compression action of a piston so as to 
achieve a lean combustion of the air-mixture fuel of 
gasoline and a low emission of harmful exhaust compo- 
nent as exemplified by a United States Patent No. 
5,535,716 issued on July 16, 1996 (which corresponds 
to a Japanese Patent Application First Publication No. 
Heisei 7-332141). 

[0004] In addition, a Japanese Patent Application 
First Publication No. Heisei 10-266878 published on 
October 6, 1998 exemplifies another previously pro- 
posed compression self-ignition gasoline internal com- 
bustion engine. 

[0005] In this Japanese Patent Application First 
Publication No. Heisei 10-266878, an interval of time is 
provided during which the combustion chamber is 
tightly closed between a valve-closure timing of an 
exhaust valve and a valve-open timing of an intake valve 
in a compression self-ignition drive region set from a 
low-engine-load region to an middle-engine-load 
region, a closure timing of the exhaust valve is retarded 
as the engine load is increased, a valve-open timing of 
the intake valve is set to be advanced so that the above - 
described tight closure time interval is gradually short- 
ened. Furthermore, in the low-engine-load region and in 
a high-engine-load region, the valve-closure timing of 



2 

the intake valve is made earlier (advanced) and, in the 
middle-engine-load region, the valve-closure timing 
thereof is made later (retarded). 

[0006] Thus, a stable self-ignition drive under the 
5 engine load region from the low-engine-load region to 
the middle-engine-load and the high-engine-load 
regions becomes possible. 

SUMMARY OF THE INVENTION: 

10 

[0007] As the compression self-ignition gasoline 
internal combustion engine, an in-cylinder direct-ignition 
type gasoline internal combustion engine has previ- 
ously been proposed. However, in this case, a mere set- 

15 ting of a fuel injection timing to a time point during a 
suction stroke of an engine cylinder to mix homogene- 
ously air within the combustion chamber with fuel can- 
not achieve a favorable combustion stability and which, 
in turn, narrows a compression self-ignition combustion 

20 drive enabling range. 

[0008] On the other hand, in the other previously 
proposed self-ignition gasoline engine disclosed in the 
above-identified Japanese Patent Application First Pub- 
lication No. Heisei 10-266878, it is necessary to contin- 

25 uously vary the open-and-closure timings of the intake 
and exhaust valves with the increase in the engine load. 
A structure of such a continuously variable valve timing 
mechanism as described above is very complex and is 
difficult to be actually mounted in the engine. Hence, a 

30 reduction in engine reliability and a rise in cost in the 
manufacture and maintenance thereof cannot be 
avoided. 

[0009] It is therefore an object of the present inven- 
tion to provide a direct-injection compression self-igni- 

35 tion gasoline internal combustion engine which can 
extend the engine self-ignition combustion drive ena- 
bling range, achieving improvements in an intake-air 
charging efficiency and in a fuel saving and which can 
achieve a stable self-ignition combustion over a wide 

40 self-ignition combustion engine drive enable range with 
an improved self-ignitability without necessity of a com- 
plex continuously variable valve timing mechanism 
which would increase a manufacturing cost and mainte- 
nance cost and would reduce an engine reliability. 

45 [0010] According to one aspect of the present 
invention, there is provided a compression self-ignition 
gasoline internal combustion engine, comprising: a fuel 
injector through which gasoline fuel is injected uninter- 
ruptedly within a combustion chamber of an engine cyl- 

50 inder; a piston of the engine cylinder whose 
compression action causes a mixture of air with gaso- 
line fuel within the combustion chamber to be self- 
ignited; an intake valve whose open timing is set to a 
mid-way point through a suction stroke of the piston; an 

55 exhaust valve whose closure timing is set to a mid-way 
point through an exhaust stroke thereof; and a fuel 
injection controlling section that controls gasoline fuel 
injection timing and quantity per a combustion cycle 
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injected through the fuel injector in such a manner as to 
set a first gasoline fuel injection to be carried out during 
a minus valve overlap interval during which both of the 
exhaust and intake valves are closed and as to set a 
second gasoline fuel injection to be carried out during at 5 
least one of the suction stroke and the subsequent com- 
pression stroke. 

[0011] According to another aspect of the present 
invention, there is provided a compression self-ignition 
gasoline internal combustion engine, comprising: fuel w 
injection means for directly injecting a gasoline fuel into 
a combustion chamber of each engine cylinder; piston 
means whose compression action causes a mixture of 
air with gasoline fuel within the combustion chamber to 
be self-ignited; intake valve means whose open timing 15 
is set to a mid-way point through a suction stroke of the 
piston means in a corresponding engine cylinder; 
exhaust valve means whose closure timing is set at a 
mid-way point of an exhaust stroke; fuel injection timing 
setting means for setting a timing of a first fuel injection 20 
carried out through the fuel injection means to a time 
point during a minus valve overlap interval during which 
both of intake and exhaust valves of each engine cylin- 
der are closed and for setting that of a second fuel injec- 
tion carried out through the fuel injection means to a 25 
time point during at least one of the suction stroke and 
the subsequent compression stroke, whereby the first 
and second fuel injections are carried out through the 
fuel injection means within the same combustion cycle. 
[0012] According to a still another aspect of the 30 
present invention, there is provided a method applicable 
to a compression self-ignition gasoline internal combus- 
tion engine, comprising: providing a fuel injector through 
which gasoline fuel is injected uninterruptedly within a 
combustion chamber of an engine cylinder; providing a 35 
mixture of air and gasoline fuel within the combustion 
chamber to be self-ignited through a compression 
action of a piston of the engine cylinder; providing an 
intake valve whose open timing is set to a mid-way point 
through a suction stroke of the piston; providing an 40 
exhaust valve whose closure timing is set to a mid-way 
point through an exhaust stroke thereof; and controlling 
gasoline fuel injection timing and quantity per combus- 
tion cycle injected through the fuel injector in such a 
manner that a first gasoline fuel injection is set during a 45 
minus valve overlap time interval during which both of 
exhaust and intake valves are closed and a second 
gasoline fuel injection is set during at least one of the 
suction stroke and the subsequent compression stroke. 
[0013] This summary of the invention does not nec- so 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 



BRIEF DESCRIPTION OF THE DRAWINGS: 
[0014] 

Fig. 1A is a schematic configuration of a compres- 
sion self-ignition gasoline internal combustion 
engine in a first preferred embodiment according to 
the preseni invention. 

Fig. 1B is a schematic circuit block diagram of a 
control unit (ECU) shown in Fig. 1A. 
Figs. 2A, 2B, and 2C are integrally an explanatory 
view representing valve open-and-closure timings 
of intake and exhaust valves in the compression 
self-ignition gasoline internal combustion engine 
shown in Fig. 1 A, a relationship of a settable range 
of fuel injection timings to an engine load, and a 
relationship of a fuel injection quantity to the engine 
load. 

Figs 3A and 3B are integrally a characteristic graph 
of the compression self-ignition gasoline internal 
combustion engine shown in Fig. 1A representing a 
relationship of a timing of a first fuel injection to a 
combustion stability and a fuel consumption under 
an low-engine-load condition. 
Figs. 4A and 4B are characteristic graphs of the 
compression self-ignition gasoline internal combus- 
tion engine shown in Fig. 1 A representing relation- 
ships of a rate of an injection quantity at a first fuel 
injection to a gross fuel injection quantity which is a 
sum of the injection quantities of the first fuel injec- 
tion and a second fuel injection injected at a second 
fuel injection under the low-engine-load condition of 
the self -ignition engine in Fig. 1 A to the combustion 
stability and the fuel consumption. 
Figs. 5A and 5B are characteristic graphs of the 
compression self-ignition gasoline internal combus- 
tion engine shown in Fig. 1A representing a rela- 
tionship of the rate of the first fuel injection quantity 
injected at a first fuel injection to the gross fuel 
injection quantity which is a sum of the first fuel 
injection quantity and the second fuel injection 
quantity injected at a second fuel injection under a 
engine drive condition including a middle-engine- 
load condition and a high-engine-load condition at 
which the compression self-ignition is possible in 
the self-ignition engine in Fig. 1 A to the combustion 
stability and to the fuel consumption. 
Figs. 6 A and 6B are characteristic graphs of the 
compression self-ignition gasoline internal combus- 
tion engine shown in Fig. 1A representing a rela- 
tionship of the timing of the first fuel injection under 
the engine drive condition including the middle- 
engine-load condition and a high-engine-load con- 
dition at which the compression self-ignition is pos- 
sible in the self-ignition engine in Fig. 1A to the 
combustion stability and to the fuel consumption. 
Fig. 7 is a schematic configuration of the compres- 
sion self-ignition gasoline internal combustion 
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engine in a second preferred embodiment accord- 
ing to the present invention. 
Fig. 8 is an operational flowchart representing a 
fuel injection control procedure using a combustion 
stability sensor in the compression self-ignition 5 
gasoline internal combustion engine shown in Fig. 
7. 

Fig. 9 is an operational flowchart representing a 
fuel injection control procedure using a knocking 
strength sensor in the compression self-ignition io 
gasoline internal combustion engine shown in Fig. 
7. 

Figs. 10A and 10B are valve timing explanatory 
views representing valve open-and-closure timings 
of intake and exhaust valves of the engine, Fig. 1 0A 15 
representing that a valve closure timing of the 
exhaust valve and a valve open timing of the intake 
valve are placed in a vicinity to a piston top dead 
center so that a predetermined valve overlap (O/L) 
is set and Fig. 1 0B representing that a minus valve 20 
overlap (which can be abbreviated as a minus valve 
O/L) interval is set in which both of the intake and 
exhaust valves are completely closed. 
Fig. 1 1 is a schematic circuit block diagram of the 
compression self-ignition gasoline internal combus- 25 
tion engine in a third preferred embodiment accord- 
ing to the present invention. 

Fig. 12 is a valve timing explanatory view represent- 
ing the open-and-closure timings of the intake valve 
and the exhaust valve in the case of the third 30 
embodiment shown in Fig. 1 1 . 
Figs. 13A and 13B are characteristic graphs repre- 
senting the combustion stability and fuel consump- 
tion with respect to the rate of the quantity injected 
at the first fuel injection to the gross fuel injection 35 
quantity under a low-engine-speed region of the 
engine drive condition in the case of the third 
embodiment shown in Fig. 11. 
Figs. 14A and 14B are characteristic graphs repre- 
senting the combustion stability and fuel consump- 40 
tion with respect to the rate of the quantity at the 
first fuel injection to the gross fuel injection quantity 
under a middle-engine-speed region of the engine 
drive condition in the case of the third embodiment 
shown in Fig. 11. 45 
Figs. 1 5A and 1 5B are characteristic graphs repre- 
senting the combustion stability and fuel consump- 
tion with respect to the rate of the quantity at the 
first fuel injection to the gross fuel injection quantity 
under a high-engine-speed region of the engine so 
drive condition in the case of the third embodiment 
shown in Fig. 1 1 . 

Fig. 16 is a schematic circuit block diagram of the 
compression self-ignition gasoline internal combus- 
tion engine in a fourth preferred embodiment 55 
according to the present invention. 
Fig. 1 7 is an operational flowchart representing a 
fuel injection control procedure in the case of the 
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fourth embodiment shown in Fig. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

[0015] Reference will hereinafter be made to the 
drawings in order to facilitate a better understanding of 
the present invention. 

[0016] Before explaining a first preferred embodi- 
ment of a compression self-ignition gasoline internal 
combustion engine, each valve timing of both of the 
exhaust and intake valves of the normal gasoline inter- 
nal combustion engine and of the self -ignition gasoline 
internal combustion engine will be described below with 
reference to Figs. 10A and 10B. 

[001 7] As shown in Fig. 1 0A, both of a valve-closure 
timing EVC of an exhaust valve ETH and a valve-open- 
ing timing IVO of an intake valve INT are placed in a 
proximity to a top dead center TDC to which its corre- 
sponding piston has reached so that a predetermined 
valve overlap (O/L in Fig. 10A) is set. 
[0018] On the other hand, the valve timings of the 
intake and exhaust valves ETH and INT are set to pro- 
vide a valve timing of, so-called, a minus valve overlap 
(MINUS O/L in Fig. 10B) such that the valve-closure tim- 
ing EVC of the exhaust valve is in a midway through an 
exhaust stroke, the valve-open timing IVO of the intake 
valve is in a midway through a suction stroke, and both 
of the exhaust and intake valves are closed together. 
That is to say, with respect to the valve timing shown in 
Fig. 1 0A, the closure timing EVC of the exhaust valve is 
advanced (in terms of a crank angle) toward a midway 
through the exhaust stroke and, at the same time, the 
open timing EVO of the exhaust valve is retarded ( in 
terms of the crank angle) at a timing near to a bottom 
top dead center BTDC to which the piston has reached 
(BDC in Figs. 10A and 10B). For the intake valve, the 
open timing IVO is retarded so that a time interval from 
the closure timing EVC of the exhaust valve to a piston 
upper top dead center TDC is approximately equal to a 
time interval from the piston upper top dead center TDC 
to the open timing IVO of the intake valve. In addition, 
the closure timing IVC of the intake valve is simultane- 
ously advanced at a timing near to the piston bottom 
dead center BTDC. At this time, the valve overlap 
placed in the vicinity to the piston upper dead center 
TDC is not present but the minus O/L is present. 
[0019] Since such a time interval of a minus O/L as 
described above is provided, a combusted gas not 
exhausted from the combustion chamber is tightly 
closed and compressed. An originally high-temperature 
combustion gas becomes further high. Fuel is, then, 
injected during the minus overlap time interval. A gasifi- 
cation of the injected fuel is promoted by means of a 
residual combusted gas. As compared with a case 
where fuel is merely and only injected during the suction 
stroke, an ignitability could be improved. 
[0020] However, if a whole quantity of a required 
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fuel injection quantity per a combustion cycle is injected 
only during the minus valve O/L interval, a temperature 
rise within each corresponding cylinder occurs. Hence, 
the intake-air charging efficiency is reduced and the fuel 
consumption is reduced. 5 

(First Embodiment) 

[0021] Fig. 1A is a whole configuration view of a 
compression self-ignition gasoline internal combustion 10 
engine in the first preferred embodiment according to 
the present invention. 

[0022] A piston 3 is movably (reciprocative motion) 
housed within a cylinder block 1 in a vertical direction. 
[0023] It is noted that the same structure of the w 
engine as shown in Fig. 1 A is applicable to each of other 
cylinder blocks. 

[0024] A cylinder head 5 is provided with an intake 
valve 1 1 which opens and closes an intake port 7 by 
means of an intake cam 9 and an exhaust valve 17 20 
which opens and closes an exhaust port 13 by means of 
an exhaust cam 15. 

[0025] A fuel injector 21 which injects directly (or 
uninterruptedly) gasoline fuel into a combustion cham- 
ber 1 9 is disposed in cylinder block 1 placed in a vicinity 25 
to the intake port 7 of the cylinder head 5. 
[0026] A fuel injection operation of the fuel injector 
21 is controlled by means of a control unit 25. 
[0027] The control unit 25 includes a microcom- 
puter generally having a CPU (Central Processing Unit) 30 
25a, a ROM (Read Only Memory) 25b, a RAM (Random 
Access Memory) 25c, an Input Port 25d, an Output Port 
25e, and a common bus as shown in Fig. 1 B. 
[0028] A fuel injection timing and a fuel injection 
quantity for the combustion chamber 19 are controlled 35 
by means of control unit 25 in response to each 
open/closure timing signal V of intake valve 17 and an 
engine load signal L. 

[0029] Both of intake cam 9 and exhaust cam 15 
are operated for intake valve 1 1 and exhaust valve 17 to 40 
have a valve timing such that the minus valve overlap 
(minus valve O/L) interval as shown in Fig. 10B is gen- 
erated. That is to say, both of intake cam 9 and exhaust 
cant 15 are operated to have the valve timing such that 
with the closure timing of exhaust valve 17 moved to a 45 
midway through an exhaust stroke of corresponding pis- 
ton and the open timing of intake valve 1 1 moved to a 
midway through a suction stroke thereof, both of 
exhaust valve 17 and intake valve 11 being closed 
together during the minus valve O/L interval. so 
[0030] In addition, the gasoline internal combustion 
engine is set to have a relatively high compression ratio 
equal to or higher than 12 to enable a compression self- 
ignition drive. 

[0031] It is noted that a spark plug generally found 55 
in the gasoline internal combustion engine is not pro- 
vided in the cylinder head 5, as shown in Fig. 1 A. 
[0032] An engine load is determined according to a 



fuel injection quantity with an intake air quantity approx- 
imately constant. 

[0033] Figs. 2A, 2B, and 2C integrally show open- 
and-closure timings of intake valve 11 and exhaust 
valve 1 7, a relationship between settable ranges Si and 
S 2 on the load and fuel injection timings, and a relation- 
ship between the load and fuel injection quantities T n 
and T 2 , respectively. 

[0034] Exhaust valve 17 is closed at EVC but is 
opened at EVO and intake valve 1 1 is opened at IVO but 
is closed at IVC. 

[0035] An interval between EVC and IVO provides 
the minus valve O/L interval during which both of intake 
valve 1 1 and exhaust valve 17 are closed together. 
[0036] The fuel injection through fuel injector 21 
within combustion chamber 19 is carried out during the 
minus valve overlap (minus O/L) interval over the setta- 
ble range which is different according to a load denoted 
by S 1 at a first fuel injection and over settable range S 2 
as a second fuel injection at an early stage of the suc- 
tion stroke at which intake valve 1 1 starts to be opened. 
[0037] If the minus valve O/L interval is set, the gas 
after the combustion which is not exhausted from com- 
bustion chamber 1 9 is tightly closed and the combustion 
gas is compressed with piston 3 moved upward. The 
originally high -temperature combusted gas becomes 
further higher temperature due to the compression 
action through piston 3. Under such a high-temperature 
atmosphere as described above, the gasoline fuel is 
injected at the first injection so that a reformation of the 
injected fuel is advanced. 

[0038] At this time, a chain of molecules is broken 
to form a radical and a reaction of the gasoline fuel with 
a slight quantity of oxygen left in the combusted gas is 
advanced up to aldehyde. Such a reformation of fuel as 
described above improves the ignitability and can real- 
ize a stable compression self -ignition drive even in a 
case of a gasoline fuel having less ignitability. 
[0039] In a case where the gasoline self-ignition 
combustion is realized under a low-engine-load condi- 
tion, the fuel injection quantity during the minus valve 
O/L interval is too little not to advance the reformation of 
fuel, the ignitability is worsened, the combustion 
becomes unstable, and the fuel consumption becomes 
worsened. Conversely, too much fuel injection quantity 
gives a stable combustion and a sufficient fuel reforma- 
tion but gives too advance in the fuel reformation. Fur- 
thermore, a thermal generation occurs at the time of the 
minus valve O/L interval. In such a case as described 
above, an efficiency to take out work from the fuel 
becomes dropped and the fuel consumption becomes 
worsened. 

[0040] In a case where gasoline fuel is injected dur- 
ing the minus valve O/L interval, optimum values are 
present in both injection timings and fuel injection quan- 
tities with the combustion stability and fuel saving taken 
into consideration. 

[0041] Figs. 3A and 3B show relationships among 
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the injection timing of a first fuel injection, the combus- 
tion stability, and the fuel consumption under a low- 
engine-load condition. 

[0042] According to the graphs in Figs. 3A and 3B, 
gasoline fuel is injected over a range denoted by A in 
Figs. 3A and 3B at an initial stage of the valve closure 
timing (EVC) of exhaust valve 17 (this means at a time 
immediately before the valve closure (EVC) of exhaust 
valve 1 7) so that both combustion stability and fuel con- 
sumption indicate good (gives favorable values). 
[0043] Figs. 4A and 4B integrally show the relation- 
ship of a rate of injection quantity at the first fuel injec- 
tion to a gross fuel injection quantity which takes a sum 
of the injection quantities of the first and second fuel 
injections to the combustion stability and to the fuel con- 
sumption during the drive condition described above 
(the low-engine-load condition. 

[0044] According to the graphs shown in Figs. 4A 
and 4B, it will be appreciated that the rate of 15 % 
through 45 % to the gross fuel injection quantity is 
injected at the first injection so that both of the combus- 
tion stability and the fuel consumption can become favo- 
rable. If the rate to the gross fuel injection quantity is 
below 15 %, both of the combustion stability and fuel 
consumption (fuel saving) become worsened. If the rate 
to the gross fuel injection is in excess of 45 %, the com- 
bustion stability becomes improved but the fuel con- 
sumption becomes worsened. 

[0045] If gasoline fuel injection is carried out during 
the suction stroke on the second injection of gasoline 
fuel under the low-engine-load condition, a sufficient 
load for the engine as a low-engine-load drive can be 
achieved. This second fuel injection at the initial stage of 
the suction stroke is carried out so that the injected fuel 
cools the sucked air (intake-air) and the intake-air 
charging efficiency is, thus, improved. The fuel injection 
quantity at the second injection is increased as the 
engine load is increased, as shown in Figs. 2A through 
2C. 

[0046] On the other hand, under a drive condition 
including a middle-engine-load condition up to a high- 
engine-load condition under which the compression 
self-ignition is possible, a total (gross) injection quantity 
which is a sum of the quantities at the first and second 
fuel injections is increased. Since the ignitability under 
the above-described driving condition is, in nature, high, 
the fuel injection quantity injected during the minus 
valve O/L (minus O/L) interval is extremely less quantity. 
This extremely less quantity is an optimum. 
[0047] Figs. 5A and 5B show the combustion stabil- 
ity and fuel consumption, both with respect to the rate of 
the first injection quantity to the gross injection quantity 
under the above-described middle-engine-load condi- 
tion and the high-engine-load condition. 
[0048] As shown in Figs. 5A and 5B, it will be appre- 
ciated that the rate of the quantity of the first injection 
which indicates favorable combustion stability and fuel 
consumption ranges from 5% to 20 %. 



[0049] If the rate is below 5 %, both combustion sta- 
bility and fuel consumption become worsened. If the 
rate is in excess of 15 %, the favorable combustion sta- 
bility is resulted but the fuel consumption becomes 

5 worsened. 

[0050] The fuel injection quantity under the middle- 
engine-load and high-engine-load conditions under 
which the compression self-ignition drive is possible is 
reduced as shown in Fig. 2A through 2C along with the 

io rise in load. Hence, the fuel injection quantity gives an 
optimum for the first injection quantity under the above 
driving condition such that the gross injection quantity 
along with the rise in load is increased and the ignitabil- 
ity is improved. 

15 [0051] Suppose that the first injection quantity is 
zero during the minus O/L interval under the above- 
described condition, the ignitability does not become 
stable and the combustion stability becomes worsened. 
[0052] As the load becomes high, a slight quantity 

20 of gasoline fuel is injected at the first injection so that the 
ignitability becomes stable and the fuel consumption 
becomes improved. 

[0053] On the contrary, if the injection quantity at 
the first injection is increased, the ignitability is too 
25 improved to increase a knocking strength and the sec- 
ond injection quantity during the suction stroke is 
accordingly reduced. Hence, the intake-air charging 
efficiency is reduced and the fuel consumption is wors- 
ened. 

30 [0054] Under the drive condition of the middle- 
engine-load and high-engine-load conditions described 
above, an effect of fuel deformation is not so needed as 
in the case of the low load condition. Hence, it is not 
necessary for the fuel injection timing to be set at an ini- 

35 tial stage of the closure timing of exhaust valve 1 7. The 
fuel injection may be set at any position from the 
exhaust valve closure timing (EVC) to the exhaust 
stroke upper top dead center (TDC). If the fuel injection 
timing exceeds the exhaust stroke upper top dead 

40 center (TDC), the effect of fuel deformation becomes 
insufficient and both of the combustion stability and the 
fuel consumption are worsened. 

[0055] Figs. 6A and 6B integrally show the relation- 
ship of the first fuel injection timing to the combustion 

45 stability and the fuel consumption under the engine 
drive condition from the middle-engine-load condition to 
the high-engine-load condition at which the compres- 
sion self-ignition drive is possible. 
[0056] As shown in Figs. 6A and 6B, it will be appre- 

50 dated that even if gasoline fuel is injected at any posi- 
tion over a range denoted by B from an initial stage of 
the valve closure timing (EVC) of the exhaust valve 17 
up to the exhaust stroke upper top dead center (TDC), 
both of the combustion stability and the fuel consump- 

55 tion are favorable. However, if the first fuel injection tim- 
ing is at a time after the exhaust stroke upper top dead 
center, it will be appreciated from Figs. 6A and 6B that 
both of the combustion stability and fuel consumption 
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are worsened. 

[0057] Under the high-engine-load drive condition 
described above, the gross fuel injection quantity is 
increased and the ignitability becomes high. Hence, it is 
not necessary to inject fuel during the minus valve O/L 
interval. All of the required fuel injection quantities are 
injected during the suction stroke. 

[0068] The injection quantity at the second fuel 
injection under the low-engine-load drive condition and 
under the middle-engine-load drive condition and high- 
engine-load condition under which the compression 
self-ignition is possible is set to be equal to or in excess 
of half the gross injection quantity. This causes the cool- 
ing effect of the intake air due to the gasoline fuel 
injected at second injection to be increased so that the 
intake-air charging efficiency is improved. 
[0059] As described above, during the minus 
(valve) O/L interval, the whole (gross) fuel injection 
quantity is once not injected but a less quantity of fuel is 
injected at the first injection and, thereafter, the remain- 
ing fuel injection quantity is injected as the second injec- 
tion or alternatively the single fuel injection may be 
carried out only during the suction stroke. Thus, the fuel 
injection timing and the fuel injection quantity are opti- 
mally controlled. Consequently, without addition of spe- 
cial parts and controls, both improvements in the intake- 
air charging efficiency and in the fuel consumption can 
be achieved. 

[0060] A stable combustion driving of the engine 
shown in Fig. 1A can be assured over the whole load 
driving range. 

(Second Embodiment) 

[0061] Fig. 7 shows a second preferred embodi- 
ment of the compression self-ignition gasoline internal 
combustion engine according to the present invention. 
[0062] In the second embodiment, a combustion 
stability sensor 27 to detect the combustion stability and 
a knocking strength sensor 29 to detect the knocking 
strength are respectively mounted on cylinder block 1 
as shown in Fig. 1 A. The fuel injection timing and injec- 
tion quantity in accordance with the load are basically 
the same as those in the case of the first embodiment. 
The stability sensor 27 may be the revolution speed 
sensor to detect the engine speed, combustion pres- 
sure sensor 29 to detect a pressure within the corre- 
sponding combustion chamber, or a vibration sensor to 
detect an engine vibration. 

[0063] Fig. 8 shows an operational flowchart repre- 
senting a fuel injection control procedure using stability 
sensor 27. 

[0064] At a step 801 in Fig. 8, control unit 25 detects 
and reads the combustion stability by means of stability 
sensor 27. 

[0065] At a step 803, control unit 25 determines if 
the detected combustion stability becomes worse as 
exceeding as a set value (viz., becomes unstable). If 



Yes at step 803, the routine shown in Fig. 8 goes to a 
step 805. At step 803, the routine shown in Fig. 8 goes 
to a step 805. At step 805, control unit 25 increases the 
injection quantity at the first injection during the minus 

5 valve O/L interval. At the next step 807, control unit 25 
accordingly reduces the injection quantity at the second 
fuel injection during the suction stroke. 
[0066] Since the fuel injection quantity during the 
minus valve O/L interval is increased as shown in Fig. 8, 

w a magnitude of fuel reformation is increased and the 
gasoline fuel ignitability is improved. Thus, the stable 
combustion can be achieved. 

[0067] Fig. 9 shows a flowchart representing the 
fuel injection quantity procedure by means of knocking 
15 strength sensor 29. 

[0068] At a step 901, control unit 25 detects and 
reads the strength of knocking through knocking 
strength sensor 29. 

[0069] At the next step 903, control unit 25 deter- 
20 mines if the detected strength of knocking is in excess of 
a limit of the knocking strength. 

[0070] If Yes at step 903, the routine shown in Fig. 9 
goes to a step 905. 

[0071] At step 905, control unit 25 decreases the 
25 fuel injection quantity at the first fuel injection during the 
minus valve O/L interval. 

[0072] At the next step 907, control unit 25 retards 
the fuel injection timing up to the exhaust stroke upper 
top dead center at maximum. 

30 [0073] At a step 909, control unit 25 increases the 
fuel injection quantity at the second time along with the 
decrease in the first injection quantity. The temperature 
within combustion chamber 19 is decreased and the 
knocking strength is reduced. 

35 [0074] In the second embodiment described above, 
the combustion stability and knocking strength can 
respectively be controlled by means of combustion sta- 
bility sensor 27 and knocking strength sensor 29. 
Hence, a quick correspondence to a transient variation 

40 in load can be achieved and a highly responsive driving 
of the compression self-ignition engine can be 
achieved. 

[0075] In addition, even if a minute variation in the 
drive condition due to a deterioration of fuel injector 21 

45 and due to an adhesion of carbon to a wall of combus- 
tion chamber 19, namely, an aging variation of the inter- 
nal combustion engine occurs. The combustion stability 
and knocking strength are sequentially controlled so 
that the stable compression self-ignition driving which 

so can easily respond to the aging variation can be 
achieved. 

(Third Embodiment) 

55 [0076] Fig. 1 1 shows a third preferred embodiment 
of the compression self-ignition gasoline engine internal 
combustion engine according to the present invention. 
[0077] The compression self-ignition gasoline inter- 
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nal combustion engine, in the third embodiment, 
includes: cylinder 10; cylinder head 20; piston 30; intake 
port 40; exhaust port 50; intake valve 60; exhaust valve 
70; intake cam 80 to drive exhaust valve 40; fuel injector 
100 to inject fuel of gasoline directly into combustion 
chamber; a crank angle sensor 1 10 to output a pulse 
train signal in synchronization with a crankshaft revolu- 
tion ; and control unit 200 (hereinafter, referred simply 
as ECU (ECU is an abbreviation for Engine Control 
Unit) which controls the fuel injection quantity and fuel 
injection timing for fuel injector 100 of cylinder 10. 
[0078] ECU 200 functionally includes: an rpm cal- 
culating section 210 that calculates the engine speed 
(for example, in an rpm (revolution per minute)) on the 
basis of a crank angle sensor signal (pulse train signal) 
from crank angle sensor 1 10; an injection quantity ratio 
calculating section 220 that calculates a ratio between 
the injection quantities at the first fuel injection and at 
the second inject ion in accordance with an engine 
speed or calculates a rate of the first injection quantity to 
the total (gross) fuel injection quantity which is the sum 
of the injection quantities of the first and second fuel 
injections; and a fuel injector drive section 230 that gen- 
erates and outputs drive pulses so that the gasoline fuel 
injections through fuel injector 100 are controllably car- 
ried out at the first and second fuel injections per a com- 
bustion cycle. 

[0079] In ECU 200 in Fig. 11, rpm calculating sec- 
tion 21 0 calculates the engine speed on the basis of the 
crank angle sensor signal and outputs the calculated 
engine speed to the injection quantity rate calculating 
section 220. 

[0080] The injection quantity ratio calculating sec- 
tion 220 determines the injection quantity ratio between 
the injection quantities at the first injection and at the 
second fuel injection by calculating the ratio using a cal- 
culation equation previously stored in a memory such 
as RAM or ROM on the basis of the engine speed cal- 
culated by means of rpm calculating section 210 or by 
searching an injection quantity ratio map previously 
stored in the memory on the basis of the engine speed 
calculated by rpm calculating section 210 in accordance 
with the engine speed. 

[0081] Fuel injector drive section 230 sets the tim- 
ing of the first fuel injection during the minus valve O/L 
interval and sets the timing of the second fuel injection 
during either the suction stroke or the subsequent com- 
pression stroke. 

[0082] Fuel injector valve drive section 230 receives 
signals (not shown) from the intake-air quantity sensor 
and accelerator opening angle sensor (not shown) to 
calculate the gross fuel injection quantity which is a sum 
of the injection quantities of the first and second fuel 
injections per combustion cycle and divides the gross 
quantity into the respective injection quantity at the first 
fuel injection and at the second injection in accordance 
with injection quantity ratio calculating section 22. 
[0083] Fuel injection pulses in accordance with 



14 

each injection quantity is outputted to fuel injection valve 
1 00. The ratio of the first and second fuel injection quan- 
tities may be varied in accordance with the engine 
speed. 

5 [0084] ECU 200 includes the microprocessor (as 
shown in Fig. 1 B) and its control program although it 
may be constituted by a wired logic. 
[0085] It is noted that the compression ratio of the 
compression self-ignition gasoline internal combustion 

10 engine, in the third embodiment, is set to have a rela- 
tively high compression ratio equal to or above 12 in 
order to make the gasoline compression self-ignition 
driving possible. 

[0086] Fig. 12 shows a valve timing diagram of 

15 intake valve 60 and exhaust valve 70. 

[0087] The valve closure timing of exhaust valve 70 
is set to be closed at an earlier timing than the exhaust 
stroke top dead center (TDC) and the valve open timing 
of intake valve 60 is opened at a later timing than the 

20 exhaust stroke top dead center. 

[0088] Thus, the minus (valve) O/L interval during 
which both of intake and exhaust valves 60 and 70 are 
closed is present before and after the exhaust stroke top 
dead center TDC. 

25 [0089] At this time, since exhaust valve 70 is closed 
at a timing earlier than the upper top dead center, the 
gas after the combustion which is not exhausted from 
the corresponding combustion chamber is tightly closed 
in the combustion chamber and is compressed by 

30 means of piston 30. 

[0090] The originally high-temperature gas after the 
combustion becomes further high temperature due to 
the compression action of piston 30. If fuel is directly 
injected as the first fuel injection through fuel injector 

35 1 00 into the combustion chamber under such an atmos- 
phere as described above, the combustion chamber is 
exposed to a high temperature together with the gas 
after the combustion within the combustion chamber 
and the reformation of fuel is advanced. 

40 [0091 ] The fuel, at this time, breaks its chain of mol- 
ecules to form radicals and the reaction is advanced to 
aldehyde with a combustion of a slight quantity of oxy- 
gen left in the gas after the combustion. 
[0092] Such a fuel reformation as described above 

45 causes the ignitability of air-mixture fuel including gaso- 
line having a low ignitability by nature to be improved. 
Consequently, a stable self-ignition drive can be 
achieved. 

[0093] Figs. 13A through 15B graphs representing 
so the combustion stability and fuel consumption in a case 
where the rate of the injection quantity at the first fuel 
injection quantity to the gross fuel injection quantity is 
varied at times of a low-engine-speed region, a middle- 
engine-speed region, and a high-engine-speed region 
55 as will be described later. It is noted that, in these fig- 
ures of Figs. 13A through 15B, the combustion stability 
becomes better as each graph on the combustion sta- 
bility goes in a downward direction as viewed from each 
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of Figs. 13A through 15B. 

[0094] Figs. 13A and 13B integrally show the rela- 
tionship of the rate of injection quantity at the first injec- 
tion carried out during the minus O/L interval to the 
gross injection quantity to the combustion stability and 
to the fuel consumption in a case where the second fuel 
injection (start) timing is set during either the suction 
stroke or the compression stroke and the engine speed 
is as low as 600 rpm (viz., a low-engine-speed region 
including an engine idling speed). 
[0095] Since, in the case of such a low-engine- 
speed region as described above, the self-ignition drive 
can easily be achieved, the fuel injection quantity at the 
first injection indicates zero or equal to or below 10 % 
during the minus valve O/L interval to promote the self- 
ignition combustion. In this case, the combustion stabil- 
ity and fuel consumption indicate an optimum value. 
[0096] In a case where the injection quantity at the 
first injection carried out during the minus valve O/L 
interval is more than 10 %, the fuel deformation is too 
advanced during the minus valve O/L interval. The ther- 
mal generation is further involved. Therefore, a main 
combustion to be started at a later half of the compres- 
sion stroke indicates a lean combustion. Consequently, 
the combustion stability is worsened and the fuel con- 
sumption is also worsened. 

[0097] Figs. 14A and 14B integrally show the rela- 
tionship of the rate of fuel injection quantity at the first 
injection carried out during the minus valve O/L interval 
to the gross injection quantity to the combustion stability 
and the fuel injection in a case where the second fuel 
injection timing is carried out during either the suction 
stroke or the compression stroke and the engine speed 
is as middle as 1 200 rpm (under a middle-engine-speed 
region). 

[0098] Since, in such a middle-engine-speed region 
as described above, the self-ignition combustion cannot 
be achieved as early as the case of the low-engine- 
speed region, the injection quantity to be injected during 
the minus valve O/L interval is needed to some degree. 
[0099] In the third embodiment, the rate of fuel 
injection quantity injected at the first injection to the 
gross injection quantity in the middle-engine-speed 
region is set from 1 5 % to 45 %. Hence, it will be appre- 
ciated that the combustion stability and fuel combustion 
indicate an optimum value. 

[0100] In a case where the rate of injection quantity 
is less than 15 %, the self-ignition combustion is not sta- 
ble and the combustion is worsened. 
[0101] On the other hand, in a case where the rate 
of injection quantity is more than 45 %, the combustion 
stability is not too worsened but a cooling loss is 
reduced due to the thermal generation during the minus 
O/L interval. Consequently, the fuel consumption is 
worsened. 

[0102] Figs. 15A and 15B integrally show the rela- 
tionship of the rate of injection quantity injected at the 
first injection carried out during the minus valve O/L 



interval to the gross injection quantity in a case where 
the second fuel injection timing is set during either the 
suction or compression stroke and the engine speed is 
as high as 2400 rpm (under a high-engine-speed 
5 region). 

[0103] Since, in such a high-engine-speed region 
as described above, a time interval from the fuel injec- 
tion time to the combustion time is shortened, it 
becomes difficult to achieve the self-ignition combus- 
w tion. A large quantity of fuel to be injected during the 
minus O/L interval is needed to promote the self-ignition 
combustion. 

[01 04] In a case where the rate of the first fuel injec- 
tion is set to be equal to or larger than 40 % during the 

15 high-engine-speed region, both of the combustion sta- 
bility and the fuel consumption indicate optimum values. 
[0105] On the other hand, in a case where the rate 
of fuel injection quantity injected at the first injection is 
below 40 %, the stable self-ignition drive cannot be 

20 achieved. 

[0106] Since the control over the self-ignition com- 
bustion in accordance with the engine revolution is car- 
ried out only through the control over the fuel injection 
quantity, there is no rise in the manufacturing cost and 

25 maintenance cost to be equipped with the well-known 
continuously variable valve timing mechanism. 
[0107] In addition, since the present invention is 
applicable to the conventional internal combustion 
engine by the modification of fuel injection control cir- 

30 cuitry or fuel injection control program, it is relatively 
easy to accommodate with the present invention to the 
conventional internal combustion engine. 

(Fourth Embodiment) 

35 

[0108] Fig. 16 shows a fourth preferred embodi- 
ment of the compression self-ignition internal combus- 
tion engine according to the present invention. 
[0109] In the fourth embodiment, ECU 200 may 

40 include a knocking strength determining section 240; a 
combustion stability determining section 250; and an 
injection timing controlling section 260 in addition to 
knocking strength sensor 120 and combustion stability 
sensor 130 described in the third embodiment. 

45 [0110] Knocking strength sensor 120 may be a G 
(Gravity) sensor to detect an acceleration caused by 
vibrations on cylinder 10 or on cylinder head 20 or may 
be an in-cylinder pressure sensor to measure a pres- 
sure within cylinder 1 0. 

so [0111] Stability sensor 130 may be a G (gravity) 
sensor to detect the acceleration caused by the vibra- 
tion or may be the in-cylinder pressure sensor to meas- 
ure pressure within cylinder 10. It is noted that the 
detection of combustion stability may be carried out by 

55 detecting variations in pulse repetition intervals of the 
crank angle sensor signal derived from crank angle sen- 
sor 1 1 0. 

[0112] Knocking strength determining section 240 
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determines whether the strength of the knocking is in 
excess of a certain limit strength on the basis of the sig- 
nal derived from crank angle sensor 1 1 0. 
[0113] Combustion stability determining section 
250 determines whether the combustion stability 
detected by stability sensor 1 30 is in excess of a certain 
stability upper limit. 

[0114] Fuel injection timing controlling section 260 
varies the first fuel injection (start) timing in accordance 
with a result of determination by either knocking 
strength determining section 240 or combustion stability 
determining section 250. 

[0115] In the fourth embodiment, in a case where 
the self-ignition drive is carried out, knocking strength 
sensor 120 detects the knocking strength by means of 
knocking strength sensor 120. Knocking strength deter- 
mining section 240 determines whether the detected 
knocking strength is in excess of a certain set limit. If 
exceeded, injection timing controlling section 260 
retards the injection timing of the first injection during 
the minus valve O/L interval. 

[0116] An interval of fuel deformation during the 
minus valve O/L interval simultaneously elongates a 
preparation time interval of the knocking. The retarda- 
tion of the fuel injection timing causes the preparation 
interval of knocking to be shortened so that the strength 
of knocking is relieved. In this case, since it is not nec- 
essary to vary the rate of fuel injection quantity at the 
first and second fuel injection quantities, no influence is 
given to the fuel consumption and combustion stability. 
[0117] In the fourth embodiment, stability sensor 
130 detects combustion stability and combustion stabil- 
ity determining section 250 determines whether the 
detected stability is in excess of the certain stability 
upper limit. 

[0118] If combustion stability determining section 
250 determines that the detected stability is in excess of 
the certain stability upper limit, fuel injection timing con- 
trolling section 260 advances the timing of the first fuel 
injection during the minus valve O/L interval. If the fuel 
deformation time interval to promote the self-ignition 
drive becomes long so that the self-ignition combustion 
becomes stable. In this case, since it is not necessary to 
vary the rate of the first and second fuel injection quan- 
tities, no influence is given to the fuel consumption and 
the combustion stability. 

[0119] Fig. 17 shows an operational flowchart for 
explaining an operation of the fourth embodiment of the 
compression self-ignition gasoline internal combustion 
engine. 

[0120] At a step S10, ECU 200 inputs the crank 
angle sensor signal, accelerator opening angle signal, 
and intake-air quantity sensor signal. 
[0121] At a step S12, ECU 200 calculates the 
engine speed and the engine load on the basis of the 
input various sensor signals. 

[0122] At a step S 14, ECU 200 calculates the whole 
(gross) fuel injection quantity per combustion cycle from 



the engine speed and engine load. 
[0123] Next, ECU 200 calculates the ratio between 
the fuel injection quantities injected at the first injection 
and at the second injection according to the engine 
5 speed at a step S1 6. 

[0124] This ratio is derived by using the previously 
stored calculation equation or by searching the ratio 
from the previously stored map. 

[0125] Next, at a step SI 8, ECU 200 calculates the 
w first injection quantity and the second injection quantity 
from the gross injection quantity and injection quantity 
ratio. 

[0126] Next, at a step S20, ECU 200 detects the 
knocking strength by means of knocking strength sen- 
15 sor 120. 

[0127] At the next step S22, ECU 200 determines 
whether the detected knocking strength is in excess of a 
predetermined strength limit. 

[0128] If Yes (exceeding) at step S22, the routine 

20 goes to a step S24 at which ECU 200 sets the first fuel 
injection (start) timing to be retarded. If No (not exceed- 
ing) at step S22, the routine jumps to a step S26. 
[0129] At step S26, ECU 200 detects the combus- 
tion stability by means of stability sensor 1 30. 

25 [01 30] At the next step S28, ECU 200 determines if 
the detected stability is below a stability lower limit. 
[0131] If No (not below) at step S28, the routine 
jumps to a step S32. If Yes (below) at step S28, the rou- 
tine goes to a step S30 at which ECU 200 sets the first 

30 fuel injection timing to be advanced. 

[01 32] At step S32, ECU 200 performs the first fuel 
injection at the set fuel injection (start) timing which is 
during the minus valve O/L interval. 
[0133] At a step S34, ECU 200 performs the sec- 

35 ond fuel injection during either the suction stroke or the 
compression stroke. 

[0134] Since, in the fourth embodiment, knocking 
strength sensor 120 and combustion stability sensor 
130 are used to always monitor the combustion state in 

40 each cylinder and the fuel injection timings are 
advanced or retarded immediately when each or both of 
the knocking strength and combustion stability are in 
excess of its or their limits for the combustion state to be 
returned to the normal combustion state, the compres- 

45 sion self-ignition gasoline internal combustion engine in 
the fourth embodiment can cope with the transient drive 
state with favorable response characteristic. In addition, 
it becomes possible to achieve the stable self-ignition 
combustion with favorable fuel consumption under 

50 every drive condition. 

[0135] It is noted that although each of Figs. 1A, 7, 
1 1 , and 1 6 shows a representative single cylinder struc- 
ture, the present invention is, of course, applicable to 
any other cylinders of the compression self-ignition 

55 gasoline internal combustion engine since the structure 
thereof is the same and valve numbers of the intake and 
exhaust valves may be plural. 

[0136] The entire contents of Japanese Patent 
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Applications No. Heisei 11-264520 filed in Japan on 
September 1 7, 1 999 and 2000-01 573 1 filed in Japan on 
January 15, 2000 are herein incorporated by reference. 
Although the invention has been described above by 
reference to certain embodiment of the invention, the 
invention is not limited to the embodiments described 
above. Modifications and variations of the embodiments 
described above will occur to those skilled in the art in 
the light of the above teachings. The scope of the inven- 
tion is defined with reference to the following claims. 

Claims 

1. A compression self-ignition gasoline internal com- 
bustion engine, comprising: 

a fuel injector through which gasoline fuel is 
injected uninterruptedly within a combustion 
chamber of an engine cylinder; 
a piston of the engine cylinder whose compres- 
sion action causes a mixture of air with gaso- 
line fuel within the combustion chamber to be 
self-ignited; 

an intake valve whose open timing is set to a 
mid-way point through a suction stroke of the 
piston; 

an exhaust valve whose closure timing is set to 
a mid-way point through an exhaust stroke 
thereof: and 

a fuel injection controlling section that controls 
gasoline fuel injection timing and quantity per a 
. combustion cycle injected through the fuel 
injector in such a manner as to set a first gaso- 
line fuel injection to be carried out during a 
minus valve overlap interval during which both 
of the exhaust and intake valves are closed and 
as to set a second gasoline fuel injection to be 
carried out during at least one of the suction 
stroke and the subsequent compression 
stroke. 

2. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1 , wherein the 
fuel injection controlling section sets the injection 
timing of the first gasoline fuel injection to a time 
point immediately after the closure timing of the 
exhaust valve under a low-engine-load condition 
which is lower than a predetermined load. 

3. A compression self-ignition gasoiine internal com- 
bustion engine as claimed in claim 1, wherein the 
fuel injection controlling section sets the injection 
timing of the first gasoline fuel injection to a time 
point during a time interval from a time immediately 
after the closure timing of the exhaust valve up to a 
time at which the piston has reached to an exhaust 
stroke top dead center under an engine load condi- 
tion from a middle-engine-load which is equal to or 



higher than a first predetermined load but lower 
than a second predetermined load to a high- 
engine-load which is higher than the second prede- 
termined load and in which a compression self-igni- 
5 tion combustion drive is possible. 

4. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, wherein the 
fuel injection controlling section sets the first fuel 

w injection not to be carried out but sets the second 
fuel injection to be carried out during the suction 
stroke, the fuel injection quantity at the second fuel 
injection corresponding to a whole gross injection 
quantity required per the combustion cycle under a 

15 high-engine-load condition which is higher than a 

predetermined load. 

5. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, wherein the 

20 fuel injection controlling section sets the injection 
timing of the second fuel injection to a time point 
immediately after the open timing of the intake 
valve during the suction stroke of the piston. 

25 6. A compression self -ignition gasoline internal, com- 
bustion engine as claimed in claim 1, wherein the 
fuel injection controlling section sets the injection 
quantity of the second fuel injection to be carried 
out during the suction stroke to a quantity which is 

30 equal to or larger than a half a gross injection quan- 
tity which is a sum of each injection quantity of the 
first and second injections. 

7. A compression self-ignition gasoline internal com- 
35 bustion engine as claimed in claim 1, wherein the 

fuel injection controlling section sets a rate of the 
injection quantity of the first fuel injection quantity to 
a gross fuel injection quantity which is a sum of the 
injection quantities at the first and second injections 
40 to 15 through 45 % under a low-engine-load condi- 
tion which is lower than a predetermined load. 

8. A compression self -ignition gasoline internal com- 
bustion engine as claimed in claim 7, wherein the 

45 fuel injection controlling section sets the rate of the 
injection quantity of the first fuel injection to the 
gross injection quantity in such a manner that the 
rate is decreased as an engine load is increased 
under an engine load condition from a low-engine- 

5G lead condition which is lower than a predetermined 
load to a high-engine-load condition which is higher 
than another predetermined load and in which a 
compression self-ignition combustion is still possi- 
ble. 

55 

9. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, further com- 
prising a combustion stability detector to detect a 
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combustion stability of gasoline fuel injected into 
the combustion chamber and wherein the fuel injec- 
tion controlling section sets a rate of injection quan- 
tity of the first fuel injection to a gross injection 
quantity which is a sum of the injection quantities of 5 
the first and second fuel injections in such a manner 
that the rate is increased when the combustion sta- 
bility detector detects an unstable combustion sta- 
bility thereof. 

10 

10. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, further com- 
prising a knocking strength detector to detect a 
strength of knocking within the engine cylinder and 
wherein the fuel injection controlling section sets a is 
rate of the injection quantity of the second fuel 
injection to a gross Injection quantity which is a sum 

of the injection quantities of the first and second 
injections in such a manner that the rate is 
increased when the knocking strength detector 20 
detects that the strength of knocking is in excess of 
a predetermined value. 

11. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, further com- 25 
prising a knocking strength detector to detect a 
strength of knocking in the engine cylinder and 
wherein the fuel injection controlling section sets 
the timing of the first fuel injection to be retarded 
when the knocking strength detector detects that 30 
the strength of knocking is in excess of a predeter- 
mined strength of knocking. 

12. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1 , wherein the 35 
fuel injection controlling section sets the first and 
second fuel injections to be carried out per the 
same combustion cycle and varies a ratio of the 
injection quantity of the first fuel injection to that of 
the second fuel injection in accordance with an 40 
engine speed. 

13. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 1, wherein the 
fuel injection controlling section sets the first and 45 
second fuel injections to be carried out per the 
same combustion cycle and increases a ratio of the 
injection quantity of the first fuel injection to a gross 
injection quantity which is a sum of the injection 
quantities of the first and second fuel injections as so 
an engine speed is increased. 

14. A compression self -ignition gasoline internal com- 
bustion engine as claimed in claim 13, wherein the 
fuel injection controlling section sets the rate of the 55 
injection quantity of the first fuel injection to the 
gross injection quantity to a value of rate equal to or 
lower than 1 0 % the gross injection quantity under a 



low-engine-speed region which is lower than a pre- 
determined engine speed and including an engine 
idling speed. 

15. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 13, wherein the 
fuel injection controlling section sets the rate of the 
injection quantity of the first fuel injection to the 
gross injection quantity to a value of rate ranging 
from 15 % to 45 % of the gross injection quantity 
under an engine speed region from a low-engine- 
speed region which is lower than a first predeter- 
mined engine speed to a middle-engine-speed 
region which is equal to or higher than the first pre- 
determined engine speed but is lower than a sec- 
ond predetermined engine speed. 

16. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 13, wherein the 
fuel injection controlling section sets the rate of the 
injection quantity of the first fuel injection to a value 
of rate equal to or larger than 40 % the gross injec- 
tion quantity under an engine speed region from a 
middle-engine-speed region which is equal to or 
higher than a predetermined speed but is lower 
than another predetermined speed to a high- 
engine-speed region which is equal to or higher 
than the other predetermined engine speed. 

17. A compression self-ignition gasoline internal com- 
bustion engine as claimed in claim 13, further com- 
prising a knocking strength detector to detect a 
strength of knocking in the engine cylinder and 
wherein the fuel injection controlling section retards 
the injection timing of the first fuel injection when 
the knocking strength detector detects that the 
detected knocking strength is in excess of a prede- 
termined allowable limit. 

1 8. A compression self -ignition gasoline interna! com- 
bustion engine as claimed in claim 13, further com- 
prising a combustion stability detector to detect a 
combustion stability of the mixture of gasoline fuel 
and wherein the fuel injection controlling section 
sets the injection timing of the first fuel injection to 
be advanced when the combustion stability detec- 
tor detects that the combustion stability is in excess 
of a predetermined allowable limit. 

19. A compression self-ignition gasoline internal com- 
bustion engine, comprising: 

fuel injection means for directly injecting gaso- 
line fuel into a combustion chamber of each 
engine cylinder; 

piston means whose compression action 
causes a mixture of air with gasoline fuel within 
the combustion chamber to be self-ignited; 
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intake valve means whose open timing is set to 
a mid-way point through a suction stroke of the 
piston means in a corresponding engine cylin- 
der; 

exhaust valve means whose closure timing is 5 
set at a mid-way point of an exhaust stroke; 
fuel injection timing setting means for setting a 
timing of a first fuel injection carried out through 
the fuel injection means to a time point during a 
minus valve overlap interval during which both 10 
of intake and exhaust valves of each engine 
cylinder are closed and for setting that of a sec- 
ond fuel injection carried out through the fuel 
injection means to a time point during at least 
one of the suction stroke and the subsequent 15 
compression stroke, whereby the first and sec- 
ond fuel injections are carried out through the 
fuel injection means within the same combus- 
tion cycle. 

20 

20. A method applicable to a compression self-ignition 
gasoline internal combustion engine, comprising: 

providing a fuel injector through which gasoline 
fuel is injected uninterruptedly within a com- 25 
bustion chamber of an engine cylinder; 
providing a mixture of air and gasoline fuel 
within the combustion chamber to be self- 
ignited through a compression action of a pis- 
ton of the engine cylinder; 30 
providing an intake valve whose open timing is 
set to a mid-way point through a suction stroke 
of the piston; 

providing an exhaust valve whose closure tim- 
ing is set to a mid-way point through an exhaust 35 
stroke thereof; and 

controlling gasoline fuel injection timing and 
quantity per combustion cycle injected through 
the fuel injector in such a manner that a first 
gasoline fuel injection is set during a minus 40 
valve overlap time interval during which both of 
exhaust and intake valves are closed and a 
second gasoline fuel injection is set during at 
least one of the suction stroke and the subse- 
t quent compression stroke. 45 
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